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Abstract 
Various nanotechnological methods and high number of nanostructured materials including polymer 
nanocomposites (PNCs) become extremely important in sensor and biosensor technology. Conducting polymers as 
artificial versatile materials seem very suitable for the development of various analyte-recognizing parts of sensors 
and biosensors. This contribution is reviewing major fabrication methods of conducting polymer-based 
nanocomposites for biosensorics. Experience of authors in application of various electrochemically generated 
polymers in design of biosensors is presented. The influence of fabrication method on sensor characteristics is 
overviewed. Major types of biosensors based on conducting polymers including catalytic biosensors, DNA-sensors, 
immunosensors and molecularly imprinted polymer-based affinity sensors is discussed. Conducting and 
electrochemically generated polymers that are mostly used in sensor design are presented. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Nowadays nanotechnology is evolving very rapidly and it is expanding to various fields of analytical and 
bioanalytical chemistry. Many challenging problems of analytical chemistry could be solved by 
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application of nanomaterials. Various nanomaterials could be applied in design of biosensors with 
advanced properties and emerging applications [1]. 
Expansion of nanotechnology and increase of nanotechnological methods suitable for the 
investigation of matter and nanostructurization of various materials offer new opportunities for 
biosensorics. New analyte-sensitive materials that are requested for biosensor design might be produced 
by nanotechnological bottom-up [ 2 ], top-down [ 3 ] and even by biotechnological approaches [ 4 ]. 
Nanostructured-conducting polymers can be exploited as an excellent tool for the preparation of versatile 
polymer nanocomposites with entrapped nano-scaled biomolecules, mainly: catalytic activity or affinity 
towards analyte exhibiting proteins and single stranded DNA oligomers. Some conducting polymers may 
exhibit unique optical [5], catalytic [6] or affinity [7 ,8,] properties that can be easily adopted in sensors 
and biosensors. Some polymer-based nano-fabrication and nano-modification techniques have their roots 
in the standard fabrication methods used in polymer and/or organic chemistry [2] and or catalysis [6]. 
Conducting polymers have been applied in the design of catalytic and affinity biosensors as 
immobilization matrixes [4,6], signal transduction systems and even analyte recognizing components 
[3,7,8,9,10]. Various types of conducting and electrochemically generated polymer based electrochemical 
sensors were developed including amperometric catalytic [4,6] and potentiodynamic affinity sensors 
[3,7,8,10]. Very specific interaction of analyte with immobilized biological recognition element results in 
formation of reaction products. Some electrochemically generated and/or conducting polymers could be 
applied in direct electron transfer based enzymatic biosensors [9]. In addition changes of one or more 
physicochemical properties (e.g. electric current towards working electrode, resistance of biological 
recognition layer, capacity, optical properties etc.) can be measured by the signal transducer and precisely 
can be registered by registration device. There are clear signs that capability of conducting polymers to 
transfer electrical charge will be exploited in construction of sensors and in molecular devices [9,11]. To 
increase electron transfer capabilities in some particular cases electrochemically generated and/or 
conducting polymers could be grafted to the surface of carbon electrodes [11]. Due to versatile 
applications and increasing intensity of researches in this direction conducting and/or electrochemically 
generated polymers remain within the top materials used in development of sensors, nanodevices and 
biofuel cells.
The main aim of research presented in this manuscript was to evaluate synthesis of some 
electrochemically generated polymers including π-π conjugated polymers and their application in 
analytical and bioanalytical systems.  
2. Discussion  
2.1. Description and brief characterization of biosensors. Biosensor is an analytical device based on 
biological recognition part integrated within signal transduction system. There are no doubts that 
biosensorics are one of the major topics of nanobiotechnology because: (i) usually biosensors consist of 
different nanostructures including nano-sized biomolecules; (ii) bio/bio and/or bio/non-bio interactions at 
nano-level should be discussed during the construction of any type of biosensor; (iii) in some cases 
miniaturization towards nano-dimension allows increase of selectivity and sensitivity of biosensors that 
are the major advantages of these bioanalytical devices. Depending on the recognition/reaction principal 
applied in biological recognition part, biosensors are divided into two distinctly different groups as 
catalytic biosensors and affinity biosensors. Conducting and electrochemically generated polymers have 
been applied in design of both types of biosensors as immobilization matrixes [12], signal transduction 
systems and even analyte recognizing components. 
2.2. Conducting and electrochemically generated polymers in catalytic sensors and biosensors. 
Catalytic sensor is an analytical device based on catalyst integrated within a signal transducer system 
[13,14]. Usual catalysts for sensor design are: (i) enzymes and/or enzyme-based polymeric layers [1,4,6,9] 
827 A. Ramanavicius et al. /  Procedia Engineering  47 ( 2012 )  825 – 828 
and (ii) polymer layers modified with inorganic or organic compounds exhibiting catalytic activity. In 
catalytic biosensors usually enzymes or enzyme rich tissues and/or other enzyme containing substances 
are applied [15,16,17]. Analytical signal detection is based on specific catalytic conversion of analyte into 
products by biological catalyst (usually enzyme), which is immobilized on the suitable signal transducer. 
Very specific interaction of analyte with immobilized biological recognition element results in formation 
of reaction products. In addition changes of one or more physicochemical properties (e.g. electric current 
towards working electrode, resistance of biological recognition layer, capacity, optical properties etc.) can 
be measured by the signal transducer and precisely registered by registration device. Conducting and 
electrochemically generated polymers in design of catalytic biosensors could have been used in order: (i) 
to immobilize enzyme [6] and increase the stability of analytical system, (ii) to increase linear range of 
biosensor due to limited permeability of substrate and or reaction products [4], (iii) to gain advanced or 
even direct electron transfer [9]. 
Depending on the method of signal transduction, catalytic biosensors are divided into several major 
groups: electrochemical, optical, etc. Electrochemical particularly amperometric biosensors are the most 
commonly applied class of catalytic biosensors [6,9Error! Bookmark not defined.,18]. The same 
principles which are applied in amperometric biosensor design could be easily applied to design biofuel 
cells and self-powered biosensors. The main advantages of electrochemical transduction systems are low 
cost and simple application. In some cases the use of disposable electrodes is possible and non-
transparent samples might be studied by electrochemical methods [1,6,9].  
2.3. Conducting and electrochemically generated polymers in affinity interaction-based biosensors. 
Affinity biosensor is described as analytical device, in which biological or biomimetic sensing part is 
interacting with analyte and it is forming affinity interaction-based complex. Formation of such complex 
should result measurable change of one or more physical properties that are measured by the signal 
transducer [13,19]. In affinity sensors almost all materials that exhibit affinity to analyte might be applied. 
In design of affinity sensors based on conducting polymers are used: (i) antibodies/antigens [5,20,21]; (ii) 
single-stranded DNA [ 22 , 23 , 24 , 25 ]; (iii) molecularly imprinted conducting and electrochemically 
generated polymers [3,26,27]; and (iv) DNA aptamers [28]. The main difference between catalytic and 
affinity sensors is that: in affinity sensor analyte is not converted into reaction products but it forms the 
complex with ligand, which is immobilized and/or artificially formed (e.g. synthetic receptor) on the 
signal transducer [3,7,8,10,11]. 
Limitations of electrochemical transducers include some interference effects by electro-active 
compounds and as usually lower sensitivity if compared with some optical (e.g. fluorescence detection) 
methods, conducting polymers could have been also efficiently applied as photoluminescence quenching 
matrixes. 
3. Conclusions 
Conducting polymers are promising materials for both: nanotechnology and biosensorics. The intensity 
of conducting polymer application in sensorics and biosensorics increases constantly. Sensors based on 
conducting polymer-based nanocomposite materials exhibit number of attractive characteristics that 
depend not only on the composite materials but also on the conducting polymer fabrication/modification 
method. Versatility of conducting polymers is already now widely exploited in construction of applicable 
polymer nanocomposites. There are clear signs that capability of conducting polymers to transfer 
electrical charge will be exploited in construction of molecular devices. Moreover, the conducting 
polymers will be applied for integration nano-sized and maybe even for the design of single-receptor 
molecule based sensors within such molecular devices. 
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